Abstract. Electron field emission properties of multi-walled carbon nanotubes (MWCNTs)/polyethylene oxide (PEO) thin films composites with (5%, 15%, 25%, 33%, 40% and 50 % loading of MWCNTs) were investigated. J-E curved were measured and modeled according to Fowler-Nordheim theory. Sample with 33% MWCNTs loading showed the best results with the turn on and threshold fields of 7.66 V/µm and 9.72 V/µm respectively. With 15% MWCNTs loading, the highest enhancement factor of 1509 was observed. Excellent current stability, for the duration of about 34 min was observed for all samples. Raman spectroscopy analysis showed a good matrix/filler interaction and thermogravimetric analysis indicated that thermal degradation of the composites occurred in two stages.
Introduction
In order to develop a novel strong, light, conductive, smart and multifunctional of composite materials, polymer matrices have been reinforced with carbon nanotubes. The later have exhibited excellent field emission features, a low threshold field, and a high current density [1 ] . In order to exploit the flexibility of polymers, earlier studies have focused on integrating CNT emitters into flexible devices [2] [3] [4] . Polyethylene oxide (PEO) was the chosen polymer matrix in the present study, it is a free flowing, semicrystalline, thermoplastic , miscible with water in all ratios due to hydration of the ether oxygen [5] . Dispersion by sonication is well known technique for protecting the CNTs from their aggregated state. On the other hand wrapping nanotubes with, sodium dodecyl sulfate (SDS) anionic surfactant guarantees that tubes previously separated by sonication will not rejoin [6] . In this paper we present results on the field electron emission behavior of PEO/MWCNT at MWCNT loadings between 5 to 50% weight. The purpose of considering PEO/MWCNT composites as field electron emission cathodes was to overcome adhesion problems of loose MWCNT.
Experiment set up
MWCNT used as received, was of 95% purity, >50nm diameter and lengths between 10 and 15 µm were purchased from Chengdu Organic Chemicals Limited, China. The fabrication of the PEO/MWCNT composite was by the solution casting method. The MWCNT was dispersed ultrasonically using SDS solution where typically 1wt% MWCNT was sonicated in a 1% aqueous solution of SDS for 1 hour at 25 W to obtain stable suspension. To fabricate the composite, 1g PEO was thoroughly dissolved in 50 ml D.I. and 5-50% weight of MWCNT compared to PEO was added. The mixture was thoroughly mixed and subjected to ultrasonic agitation for 2 hours. The liquid composite solution was dropped on the surface of a polished N-type Si (100) substrate and dried in air. The composite films were analyzed using Raman spectroscopy at 532 nm and thermogravimetric analysis. Field electron emission measurements were conducted at a vacuum level of about 1x10 -7 mbar, utilizing a source meter unit connected to a computer. I-V characteristics were obtained at bias voltages up to 1.1 kV and stability curves were measured for about 34 minutes at 600 V. Fig.1 shows the Raman spectra for PEO/MWCNT thin films before FEE measurement ( Fig.1(a) ) and after FEE measurement ( Fig.1(b) ). The pattern of Raman scattering for MWCNT is analogous for the single-walled CNT [7, 8] .The first two lowermost curves in (Fig.1(a) ) show the PEO and SDS spectra for comparison. The third trace in ( Fig.1(a) ) shows the spectrum obtained from composite sample with 5% MWCNT loading , the D, G and G' peaks are present in addition to C-H stretching bands of PEO between 2800 and 3000 cm -1 [9] , their intensities are lower than the G' band intensity. The fourth trace in (Fig.1(a) ) shows the spectrum of 15% MWCNT loading, it shows the same features as 5% with a lower intensities in C-H stretching bands. The same thing can be said for 15, 25, 33 and 40% where the C-H bands have lower intensities compared to G' whenever the carbon portion increases; except for 50% which could be related to the high presence of SDS in the spot since it has a strong peak in the same position. The gradual depletion of the polymer with the increment of MWCNT concludes the well dispersion of the prepared composites. This result is emphasized by TGA analysis. G-band frequencies have up shiftted from 1571.7 to 1580.04 cm -1 or more in all samples. The D peak has blue shifted by 8.4 cm -1 compared to pure MWCNTs for almost all samples. The blue shifting of the D and G bands is a consequence of strong compressive forces associated with PEO chains on MWCNT [6] . Raman spectra after the FEE measurements ( Fig.1(b) ), showed almost the same features with the same characteristics. However, the C-H stretching bands of PEO between 2800 and 3000 cm -1 decreased with increasing MWCNT loading is partially disrupted. There was a blue shift of G-band frequency for 15wt% sample after the FEE test.Whereas the rest of the thin films showed red shifts. The I D /I G ratio was reduced after the FEE test in five out of six samples, where the majority of the films after the field emission measurement; showed a better quality of nanotubes than the MWCNT used. We relate the changes in Raman spectra after FEE measurement to the influence of low pressure and high voltage which induced out gassing and evaporation of the radicals produced. 822 Nanoscience, Nanotechnology and Nanoengineering Fig. 2 , TGA of pure PEO and 5%, 15%, 25%, 33%, 40% and 50% MWCNT/PEO composites.
Results and discussion
The first stage was in a long interval of time with a slow process of weight loss. The DTG of this first transition yielded more than one peak for all samples, except for 5%. The peaks have intensities increasing with the increase of the CNT weight concentration. The presence of more than one peak in the DTG curve indicates the presence of multiple components which confirms the occurrence of different carbonaceous structures in the samples. This can be due to the interaction between the MWCNTs and the polymer chains which caused changes in the C-C bond of MWCNTs. This result is emphasized by the Raman spectroscopy; which showed relatively high I D /I G ratio. The changes in the C-C bonding indicated the PEO chains adhesion to MWCNT sidewalls [10] . The second stage was abrupt and steep, having the same shape as the PEO decomposition curve. The second transition displayed at 309-411 C is due to the breaking main chain of PEO composite. The J-E curves obtained from PEO/MWCNT composite cathodes at different MWCNT loadings are shown in Figure 3 . The curves were modeled according to Fowler-Nordheim theory [11,12]; ). exp(
where J is the current density, 
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The field emitter with 33% displayed the lowest turn on field 7.66 V/µm with a high current density of 0.36 mAcm -2 . Obviously, there is no linear relation between the MWCNT loading and field emission characteristics as was observed in earlier studies, where the turn on field of MWCNT/PMMA composites was gradually decreased from 1.54 to 1.20 V/µm, as the PMMA ratio increased from 0.3 to 2.4 [13] and the E th , (the applied electric field which gives an emission current of 10 nA ) of MWCNT/PmPV composites decreased from 14.5 V/µm (0.44% loading) to 8.4 V/µm (7% loading) [14] .
The values of the turn on field (defined here as the applied field at an emission current density of 10 µAcm -2 ), the threshold field (defined here as the applied field at an emission current density of 0.1mAcm -2 ), and the field enhancement factor (β) for each film are stated in Table 1 . The nonlinearity can be attributed to the non-homogeneous dispersion of CNTs within polymer matrices, in addition to the surface morphology of the different composites prepared. The greatest enhancement factor is 1509 (15%). The approximately linear behavior of the FN curves (Fig. 3 (b) ), confirm that the observed current is generated by field emitted electrons. Deviations from Fowler-Nordheim behavior are usually attributed to space-charge effects which induce a diminution of the F-N slope [11] . 824 Nanoscience, Nanotechnology and Nanoengineering intensity is depicted, the current of 50%, 15% and 25% thin films had a good stability, except for some fluctuations in first quarter of the time period. Sample 40% had a current intensity jump from 28 µA to 39 µA after 30 min, which most probably was the result of gas desorption. Generally, all the samples exhibited a satisfaction in stability. 
Conclusion
MWCNT/PEO thin films composites were prepared by the sonication technique. A description of the crystallinity of the carbon nanotubes before and after the FEE measurement was determined utilizing I D /I G ratio. Both, TGA and Raman spectroscopy emphasized the good adhesion of the polymer chains to the carbon nanotube walls. The thermal stability of PEO was improved by the incorporation of CNTs in the polymer matrix. A table was set, providing the characteristics of field emission of composites with six different weight percent of MWCNTs. The 33% specimen showed a turn on and a threshold fields as low as 7.66 Vµm -1 and 9.72 Vµm -1 for a current density of 10 µAcm -2 and 0.1mA cm -2 respectively. The same sample attained an enhance factor of 1037. Whereas 15% showed enhancement factor of 1509. The other samples, offered FEE characteristics not very different from the previous composites. In this view, we are confident that the devices based on MWCNT/PEO will add enhancements in FEE devices performance.
